Abstract
Results
The mean age of patients was 47 years, 77% were male and 54% African-American. The prevalence of hypertension was higher among African Americans compared with whites (49% vs. 43%; p = 0.02). Among those with hypertension, 91% of African Americans and 93% of whites were treated (p = 0.43). Among those treated, 50% of African Americans versus 60% of whites had controlled blood pressure (systolic blood pressure <140 mmHg and diastolic blood pressure <90 mmHg) (p = 0.007). After multivariable adjustment for potential confounders, prevalence of hypertension was higher among African Americans compared PLOS ONE | https://doi.org/10.1371/journal.pone.0194940 March 29, 2018 1 / 18 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Due to the effectiveness of combination antiretroviral therapy (ART), non-human immunodeficiency virus (HIV)-related diseases have become the predominant cause of morbidity and mortality among HIV-infected patients in high income countries [1] . In addition, a complex interplay of traditional risk factors, chronic inflammation and immune activation related to HIV, and antiretroviral toxicity place HIV-infected patients at increased risk for myocardial infarction, stroke, and chronic kidney disease (CKD) compared with their uninfected counterparts [2] [3] [4] . Hypertension is a modifiable risk factor for these outcomes and is common among HIV-infected patients [5] [6] [7] [8] [9] . Hypertension in HIV-infected patients is associated with an increased risk for MI, stroke, CKD, all-cause hospitalization, and mortality [10] [11] [12] [13] [14] .
In the United States (US), it is well-recognized that the prevalence of hypertension is higher among African Americans compared with other racial/ethnic groups [15] , and this finding has also been reported within HIV cohorts including our own [16] [17] [18] . Prior studies of the general population have reported that African Americans with hypertension are more likely to have uncontrolled blood pressure (BP) than whites despite similar rates of awareness and treatment [19, 20] . These disparities in hypertension prevalence and control contribute to higher rates of stroke, CKD, and congestive heart failure observed among African Americans compared to whites [21] .
Failure to modify risk factors for cardiovascular disease (CVD) and CKD such as hypertension among HIV-infected patients may attenuate the benefits conferred by combination ART. From a public health policy perspective, information regarding BP control among HIVinfected patients and whether there are racial disparities which need to be addressed in this population are important. However, there are few published studies evaluating the association between race and BP control among HIV-infected patients.
The University of Alabama at Birmingham (UAB) 1917 HIV Clinic Cohort is located in the southeastern US, the epicenter of the contemporary American HIV epidemic [22] . In addition, the southeastern US has high rates of hypertension-related diseases (CVD and CKD) [19, 23, 24] . A disproportionate impact of HIV and hypertension-related diseases in this region are notable among African Americans, making it a pertinent setting for study of the intersection of these two disease states in this population. We conducted a cross-sectional study in the UAB 1917 HIV Clinic Cohort evaluating the association of race, among other patient characteristics, with the prevalence, treatment, and control of hypertension.
Materials and methods

Study design and setting
This cross-sectional study was nested within the UAB 1917 Clinic Cohort, a prospective HIV clinical cohort established in 1992 (http://www.uab.edu/medicine/1917cliniccohort/). The cohort's electronic database contains extensive sociodemographic, clinical, and psychosocial information on patients receiving outpatient primary HIV and subspecialty care at the UAB 1917 HIV/AIDS Clinic (1917 Clinic). This study was approved by the UAB Institutional Review Board.
Eligibility criteria
The study population included 1917 Clinic patients who had established care for at least one year as of December 31, 2013 . In order to capture this population, the inclusion criteria were: 1) adults ! age 19 years; 2) at least one routine (non-urgent) HIV primary care visit in 2013; and 3) at least one routine HIV primary care visit in the period 12-24 months prior to the most recent visit in 2013. The focus on established patients (N = 1,717) allowed for a sufficient observation period to determine which patients had hypertension, as well as ample time for providers to initiate or intensify antihypertensive therapy to achieve guideline endorsed goals of treatment [25] . Patients who died on or prior to December 31, 2013 were excluded (n = 18). Patients of race/ethnicity other than African-American or non-Hispanic white were excluded due to low numbers (n = 35; including 20 Hispanic patients, 4 Asian, 4 multiracial, and 7 of unknown race/ethnicity).
After these exclusions were applied, data for 1,664 patients were available for the analyses of hypertension prevalence (Fig 1) . The index visit for each patient was the last visit occurring between January 1 and December 31, 2013. For the analysis of antihypertensive treatment, the population included 766 patients with hypertension. For the BP control analyses, the population was further restricted to participants taking antihypertensive medication (n = 706) and an additional 7 patients lacking a documented BP in the 12 months prior to their index visit were excluded, resulting in 699 included patients. [26] . Data were deidentified prior to analyses.
Sources of data
Primary outcomes
The primary outcomes were prevalence, treatment, and control of hypertension. Patients were categorized as having hypertension by meeting at least two of the following three criteria: 1) diagnosis of hypertension on the patient's active problem list in the UAB electronic health record (EHR); 2) systolic blood pressure (SBP) !140 mmHg or diastolic blood pressure (DBP) !90 mmHg on two visits at least 7 days apart within 12 months prior to the index visit; 3) antihypertensive medication on the patient's active medication list in the UAB EHR. Treatment of hypertension was defined by the presence of an antihypertensive medication on a patient's active medication list. Control of hypertension was defined as SBP <140 mmHg and DBP <90 mmHg at the index visit [25] .
Antihypertensive medication classes included angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, diuretics (with thiazide, loop, and potassium-sparing diuretics considered as separate classes), beta blockers, calcium channel blockers, alpha blockers, centrally acting agents, renin inhibitors, and direct vasodilators. Routine BP measurements taken during visits to the 1917 Clinic and other outpatient clinics within the UAB health system were used. These are obtained by trained clinic personnel, usually as a single measurement with an automated sphygmomanometer. If more than one BP measurement was reported for a visit, the average was used. Epidemiology Collaboration equation or one spot urine albumin/creatinine !30mg/g in the 12 months prior to the index visit [27] . DM was defined as meeting at least two of the three following criteria: 1) DM diagnosis on a patient's active problem list; 2) oral hypoglycemic therapy or insulin on a patient's active medication list; or 3) at least one hemoglobin A1C value !6.5% within 12 months prior to the index visit. History of CVD was defined as ever having a diagnosis of stroke or cerebrovascular disease, transient ischemic attack, coronary heart disease, MI, unstable angina, or angina pectoris or documentation of a coronary revascularization procedure in the UAB EHR.
Independent variables
CD4 count was categorized as <200 versus !200 cells/μL and VL as <200 versus ! 200 copies/mL. Antihypertensive treatment intensity was categorized as 1, 2, or !3 classes of medication and antihypertensive medication frequency as once daily versus more than once daily.
Psychosocial characteristics included current tobacco use, at risk alcohol use, substance use, depressive symptoms, and adherence to ART. At risk alcohol use was defined by an AUDIT-C score of !4 in women and !5 in men; substance use by current use of cocaine, amphetamines, non-prescribed opioids, or intravenous drugs as per the ASSIST; depressive symptoms as "major depression" or "other depression" per PHQ-9 scoring algorithm; and ART adherence as no missed doses within 2 weeks prior to completing the AACTG adherence instrument [26] . For time-varying covariates, the nearest value on or prior to the index visit was used. If no value was available within 12 months prior to the index visit, it was considered missing.
Statistical analysis
The prevalence, treatment, and control of hypertension were calculated for the overall population and for African Americans versus whites. Characteristics of patients were calculated for the overall population, and stratified by race, the presence of hypertension, and BP control status. Continuous variables are reported as means with standard deviation or medians with first and third quartiles, and categorical variables as frequencies with percentages.
Univariate and multivariable analyses were performed to calculate prevalence ratios (PR) with 95% confidence intervals (CI) as the measure of association between race and hypertension prevalence while adjusting for other covariates. For multivariable modeling, due to convergence problems in log binomial regression, modified Poisson regression with robust error variance was used [28] . Variables were selected for the multivariable model based on clinical relevance (race, age, sex, BMI, CKD, DM, smoking, alcohol abuse, and ART duration) with additional variables included based on a moderate univariate association (PR <0.80 or >1. 20) with hypertension (insurance status, CD4, VL). Univariate and multivariable log binomial regression modeling was performed to evaluate the association between race and controlled BP while adjusting for other covariates among patients treated for hypertension. Duration of antihypertensive medication use, number of antihypertensive classes, and antihypertensive medication dosing frequency were included in the multivariable model, in addition to the same clinically relevant variables used in the hypertension prevalence model. Multi-collinearity of the independent variables was examined with variance inflation factor (VIF) by adjusting the linear combinations by the weight matrix used in the maximum likelihood algorithm; the VIF for all the factors was <2.6 thus indicating no multi-collinearity [29] . Statistical significance was set at p = 0.05 (two-sided). Analyses were performed using SAS statistical software (Cary, North Carolina), version 9.3.
Results
Participant characteristics
Among the 1,664 patients meeting study eligibility criteria, the mean age was 47 years (standard deviation (SD): 11 years), 77% were male and 54% African-American (Table 1) . African Americans were younger than whites (mean age 45 vs. 48 years), and a higher proportion were female (32% vs. 12%), uninsured (32% vs. 24%), and obese (35% vs. 20%) (all p <0.001). Prevalence of CVD was lower among African Americans than whites (6% vs. 9%; p = 0.008), while prevalence of CKD and DM were similar. A similar proportion of African Americans and whites were treated with ART (96% vs. 98%; p = 0.66), however viral suppression on ART was less common among African Americans (86% vs. 94%, p<0.001). Among patients completing the AACTG adherence instrument, African Americans were less likely to report adherence to ART than whites (73% vs. 81%; p<0.001).
Hypertension prevalence, treatment, and control
Overall, 46% of patients had hypertension with a higher prevalence among African Americans compared with whites (49% vs. 43%; p = 0.02) (Fig 2) . Of those with hypertension, 91% of African Americans and 93% of whites were taking antihypertensive medication (p = 0.43). Among all patients with hypertension, 51% had controlled BP (SBP/DBP <140/90 mmHg), and among those taking antihypertensive medications, 54% had controlled BP. African Americans taking antihypertensive medications were less likely than whites to have controlled BP (50% vs. 60%; p = 0.007). Among those with uncontrolled BP, African Americans were more likely than whites to have SBP !160 mmHg and/or DBP !100 mmHg (36% vs. 23%; p = 0.02). Among patients treated for hypertension, the median duration of antihypertensive medication use was 4.8 (IQR: 2.5-8.3) years among African Americans and 5.3 (IQR: 3.1-8.7) years among whites (p = 0.18). A similar proportion of African Americans and whites were on antihypertensive regimens taken once daily (66% vs. 67%), however African-Americans were more likely to be on !3 classes of antihypertensive medications than whites (28% vs. 18%; p = 0.003).
Patient characteristics associated with hypertension prevalence
African American race was associated with a higher prevalence of hypertension in univariate (PR 1.13; 95% CI 1.02-1.26) and multivariable (PR 1.25; 95% CI 1.12-1.39) analyses compared to whites (Table 2 ). Other patient characteristics associated with higher prevalence of hypertension in multivariable analysis included older age, being overweight or obese, CKD, DM, history of CVD, and longer duration of ART. Current substance use was associated with lower prevalence of hypertension.
Patient characteristics associated with controlled BP
The prevalence of BP control among patients treated for hypertension was lower among African-American patients compared with whites in univariate analysis (PR = 0.83, 95% CI: Table 3 ). Duration of antihypertensive medication use !5 years was associated with higher prevalence of BP control when compared with duration of antihypertensive medication use <1 year (PR-1.60, 95% CI: 1.00-2.56).
Discussion
We found that African Americans had a higher prevalence of hypertension and lower prevalence of achieving BP control (SBP/DBP <140/90 mmHg) on antihypertensive treatment compared with whites among a southeastern US HIV cohort. Beyond racial disparities, findings related to the overall prevalence and control of hypertension in our cohort are also concerning. Nearly half of the patients with HIV in the current study had hypertension, and despite a high prevalence of antihypertensive treatment, only half of treated patients achieved BP control. The 10% absolute difference in prevalence of BP control observed in HIV-infected African Americans in our study is clinically relevant and has potential bearing on population health if similar differences exist across the US. In the Swiss HIV Cohort Study, each 10 mmHg higher SBP was associated with an 18% increased risk for cardiovascular events [8] . Our finding that African Americans were also more likely to have SBP/DBP in the range ! 160/100 mmHg further underscores the potential clinical impact of the racial disparity in BP control among HIVinfected patients on rates of CVD and CKD, and outcomes related to these conditions. In one Racial disparities in hypertension prevalence and control among HIV-infected patients large HIV cohort study of patients on ART, African-American men experienced a 7.2% larger standardized 10-year all-cause mortality risk compared to white men, and African-American women a 7.9% larger risk, after controlling for pre-ART HIV-related health status [30] . This excess mortality is greater than the disparity observed between African-Americans and whites in the general population. While the reasons behind this are unclear, it is possible that a synergistic effect of disparities in post-ART HIV-related factors and non-HIV-related comorbidities such as hypertension, CVD, and CKD contributes. The higher observed prevalence of hypertension among HIV-infected African Americans compared with whites is consistent with findings from general population studies and other HIV cohorts in the US, and remains incompletely understood [15-17, 31, 32] . Similar to other studies, we observed that this disparity in hypertension prevalence remains even after adjustment for sociodemographic characteristics and traditional risk factors [20, 21] . Although data are limited, biologic and genetic factors may contribute [31, 33] . However, there is considerably higher prevalence of hypertension among African Americans than persons of African origin in other geographic regions, suggesting cultural and environmental factors may play an important role [34, 35] . As with the general population, further studies among HIV-infected patients with hypertension are needed on the impact of factors traditionally not captured in cohort studies such as diet, chronic stress, neighborhood conditions, and racial discrimination [36] [37] [38] [39] . HIV-related stigma has been correlated with poor physical health, but to our Racial disparities in hypertension prevalence and control among HIV-infected patients Racial disparities in hypertension prevalence and control among HIV-infected patients knowledge no studies have examined the impact of HIV-related stigma on hypertension and BP control [40] . A better understanding of the mechanisms underlying the high prevalence of hypertension among African Americans with HIV is needed for the development of preventive interventions. Racial disparities in hypertension prevalence and control among HIV-infected patients
In our study, African-American race was associated with lower prevalence of BP control among patients treated with antihypertensive medication; a similar racial disparity in BP control has been noted in the general US population [19, 20] . The disparity in BP control among our African-American patients persisted even after accounting for traditional risk factors for hypertension and antihypertensive regimen intensity, which has also been observed in the general population [32, 41] . There are limited data regarding factors which account for the lower prevalence of BP control in African Americans. Studies in the general population have reported associations with antihypertensive medication adherence, BP-related beliefs/attitudes, and health literacy [42] [43] [44] . These factors represent potential modifiable intervention targets to improve BP control among African Americans, and are worthy of further investigation among persons living with HIV infection.
Our findings are consistent with a recent study conducted among >24,000 HIV-infected patients in the Veterans Health Administration, which found racial disparities in control of HIV, blood pressure, and diabetes [45] . In addition to traditional risk factors for hypertension, this study was able to control for geographic region and neighborhood social disadvantage. However, it did not include variables related to antihypertensive medication use and evaluated a predominantly male population. While 92% of our HIV-infected patients on ART had controlled HIV (VL <200 copies/mL), only 54% of patients on antihypertensive medications had controlled BP. A fundamental difference between treating HIV and hypertension is that ART doesn't require regimen intensification to achieve viral suppression, whereas titration of antihypertensive medications is often needed to achieve BP control. To our knowledge there are no published studies evaluating clinical inertia (failure of providers to titrate antihypertensive regimen) in response to uncontrolled BP among HIV-infected patients. We have previously observed clinical inertia related to lipid management in our HIV cohort [46] .
Further, little is known about whether HIV-infected patients are more likely to be adherent to ART than medications for other chronic conditions and whether racial disparities in adherence to non-ART medications exist. There has been at least one study that compared adherence to ART versus antihypertensive medications [47] . Adherence to ART was better, but the difference was small (proportion of days covered 85% versus 83%, p = 0.013) and of uncertain clinical significance. Although a high proportion of our patients on ART had suppressed VL, African Americans had lower prevalence of ART adherence and viral suppression than whites. It's possible that African Americans in our cohort also have lower adherence to antihypertensive medications, as has been observed in studies in the general population [42, 43] .
Our study has known and potential limitations. Results from a single university-based clinic in the southeastern US may not be generalizable to other HIV clinical settings or geographic regions. Our findings may be affected by survival or selection bias, as patients who died prior to December 31, 2013 or who were lost to follow-up prior to 2013 were not included. However, our findings of higher prevalence of hypertension and lower prevalence of blood control among HIV-infected African Americans are consistent with prior studies in the general population and in HIV cohorts. Our study is focused on patients engaged in routine care in the current era and results may not be generalizable to HIV-infected patients who are not engaged in care.
There are likely unmeasured confounders for which we have not accounted. For instance, we lacked data on some factors which potentially affect development and/or control of hypertension, such as salt and potassium intake, physical activity, waist circumference, and lipodystrophy, as these are not routinely captured in our HIV care clinic [7, 43, [48] [49] [50] . Pharmacy refill data are not available in our cohort and thus we could not assess the impact of adherence on blood pressure control. However, we note our ability to control for several important clinical and behavioral factors available through our EHR and PRO platforms. As this was a secondary data analysis, we were unable to use a standardized protocol for BP measurement and had to rely on measurement obtained during routine clinical care to assess control. However, we note that routine clinic BPs are reflective of how BP control is assessed and informs provider treatment decisions in real-world settings.
In conclusion, we observed a higher prevalence of hypertension and lower prevalence of BP control among African-American HIV-infected patients, even when adjusting for traditional risk factors and antihypertensive regimen intensity. Notably, as observed for ART, no racial differences in prevalence of antihypertensive treatment were observed, but suboptimal control of BP among African Americans was seen, analogous to lower frequencies of viral suppression. Future studies on racial disparities in hypertension among HIV-infected patients should incorporate measures related to chronic stress, racial discrimination, and health beliefs, and also antihypertensive medication adherence, as potential mediators of the association between race and BP control, as has been evaluated for other populations. Such studies are needed to inform interventions for the prevention and control of hypertension in African Americans with HIV in order that this population may more fully realize the benefits of ART and HIV care.
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